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Abstract
To perform the evaluation of CO2 storage capacity of the Casablanca field operated by RIPSA, IFP has simulated three CO2
injection scenarios, using a compositional model. In addition, IFP have studied some migration possibilities of the stored CO2
through faults that could connect the Casablanca field to an upper permeable reservoir. For this study, it has been supposed that
all the reinjected CO2 is migrating through the faults at the same rate that it would be injected in the storage reservoir.
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1. Introduction
A compositional model of the Casablanca reservoir has been elaborated to evaluate the feasibility of CO2 storage
in this reservoir assuming an expected annual amount of 0.5 million tons of CO2 per year over a 30 years period of
time. This model has been derived from the black oil reservoir model elaborated in a previous task through matching
of the history of production wells [1].
In a first step, three scenarios of CO2 injection have been selected and simulated, each one from only one
injection well. Two existing wells have been chosen for the two first scenarios, due to their locations in the
reservoir, CASA-16 in the North sector and CASA-11 in the South sector. For the third scenario, a new horizontal
well located in the North sector of the reservoir, deeper than CASA-16 and 1600 metres long, is considered.
In a second step, a possible migration of the stored CO2 has been evaluated to estimate the safety of the CO2
storage in the CASABLANCA field. The approach has been to envisage the worst possible scenario, i.e. the amount
of reinjected CO2 migrating upward to an existing aquifer reservoir at the same rate than the injection one, and to
analyse the long term behaviour of the CO2.
2. CASABLANCA models, CO2 injection scenarios and operating conditions
2.1. Reservoir model
The reservoir model is based on the final model obtained after the history matching process of the production
phase, from July 1977 to October 2006 [1].
The grid is composed of 257 114 cells with the following discretization: 143 cells in the X direction, 29 cells in
the Y direction and 62 cells in the Z direction. Cells are sometimes eroded by the different surfaces in the model.
Therefore, there remains 23190 actives cells in the model.
Petrophysical values are those obtained after the matching process of the production history.
2.2. Fluid flow model
The fluid flow model is compositional, with four components: CO2, Volatile (V), Intermediate (I) and Heavy (H)
with the following properties:
Table 1: PVT model properties.
Name
Molar
mass
(g/mol)
Critical
temperature
(°C)
Critical
pressure
(bar)
Critical
molar
volume
(cm3/mol)
Acentric
factor
Volume
correction
(cm3/mol)
Parachor
CO2 44.01 31.0722 73.8150 110.000 0.2310 4.5000 149.96
V 25.55 -70.0000 37.3664 96.387 0.0399 -4.6270 99.72
I 68.35 250.0000 37.9211 336.577 0.2359 -1.7364 218.23
H 260.00 530.0000 15.8455 1070.000 0.6547 40.0000 657.50
The Peng-Robinson EOS (equation of state) is used to compute the density. The parachors are the coefficients
used to compute the interfacial tension (σ) between the oil and gas phases by the equation of Mac Leod-Sugden:
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with ,oil gasξ ξ : molar densities of phases, iX : Molar fraction of the components i in the oil, iY : Molar fraction
of the components i in the gas.
2.3. Choice of CO2 injection scenarios
Three different CO2 injection scenarios have been chosen and simulated to evaluate the influence of location of
the injection well (North or South) and type of well (slightly inclined or horizontal) on the variation of pressure and
fluids saturation but also on the CO2 migration inside the reservoir during CO2 injection:
• Scenario 1: CO2 injection takes place in well CASA-16 in the North,
• Scenario 2: injection is in well CASA-11 in the South,
• Scenario 3: injection in a possibly new horizontal well, CASA-Inj1 in the North part of the field.
The locations of the 3 wells in the field are shown on the next figure (Figure 1): CASA-16 (in the North), CASA-
11 (in the South) and CASA-Inj1 (horizontal well in the North).
Figure 1: Casablanca field: elevation and wells location.
2.4. Injection conditions
CO2 injection is planned for a duration of 30 years. Initial date has been assumed at Oct. 2006. The injection
therefore is simulated until end of Sept. 2036. The constant injection flow rate during these 30 years is specified at
500 000 t/y (about 1370 t/d or 730 000 Sm3/d). A maximum bottom hole pressure of 400 bars, never reached, has
been assumed in the well where the injection will be operated. The initial conditions are different for the three
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scenarios: more details are given in the corresponding sections. Three wells CASA-8D, CASA-12 and CASA-17 are
kept on production during CO2 injection except when they are too close of the considered injection well.
3. Simulation of the three CO2 injection scenarios
All the results for each scenario are presented in a Castor project report [2]. In this paper, only the case where
CO2 is injected in well CASA-11, in the south of the field, is presented and results of the three scenarios are then
summarized.
3.1. CO2 injection in well CASA-11 (South of the field)
In this scenario, only two wells, CASA-8D and CASA-17 are let producing during the injection period. The
injection is performed in CASA-11 along its 271 m open length as during its previous period of production.
There is an initial increase in the bottom hole pressure of the injection well to keep CO2 injection at the specified
flow rate. The increase is in the order of 30 bars, the pressure stabilizing around 278-280 bars (Figure 2).
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Figure 2: Bottom Hole Pressure profile versus time in the injection well CASA-11.
As indicated in Figure 3 that show gas saturation in the reservoir at the end of the injection, there is no problem
for the storage of the amount of CO2 injected during the 30 years period of injection. The CO2 mainly accumulates
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in the huge culmination located just north to the injection well. During the injection period, however, it can not
reach the other more distant culminations to the North, the amount of injected CO2 being not sufficient.
As the CO2 moves to the North filling the highest culmination of the reservoir, it forms a gas cap and displaces
the oil downwards forming an oil rim (Figure 4). This oil rim mainly remains at the basis of the culmination where
the CO2 accumulates and only a fraction of it moves through a low point to the next culmination to the North.
During the 30 years of CO2 injection, the two wells let on production are not reached by the injected gas. The
CO2 reaches well CASA-12 after 8 years of injection and well CASA-1A after 15 years. A first gas cap appears
around the injection well as soon as the injection begins, and a second appears around well CASA-12 after 7 years.
3.2. Conclusions
There is no problem of storage capacity for injecting the total amount of CO2 over the 30 years period at the
specified flow rate of 0.5 million tons per year. In all cases, the CO2 fills only a part of the initial volume occupied
by the oil.
The CO2 moves upwards to the top of the structure due to its lesser density compared to oil. Therefore it
displaces the attic oil downwards that forms an oil rim just below the secondary gas cap created by the injected CO2.
According to the location of the injection well, the oil rim can cross low points of the structure and move to
surrounding high parts of the reservoir where it accumulates.
Similarly, the CO2 can also cross low points of the structure and reach also the surrounding high parts of the
reservoir.
Injection of CO2 leads initially to an increase in the bottom hole pressure of the injection well and to an increase
of the average pressure in the Casablanca field. This increase varies according to the location of the injection well
and according to joint production in some existing wells. The pressure increase is minimal when injection is done in
well CASA-11 located in the South sector of the reservoir.
At the end of CO2 injection, whatever the injection scenario, the reservoir pressure is stabilized around its initial
value before start of production.
In two of three cases, assuming that the whole near seal of the field is as of Casablanca sequence. in well Mont-
D1 and/or as of San Carlos sequence in CASA-3, the CBP thresholds are clearly exceeded during the injection
period. In the highest culmination of the field, CASA-12, the CBP thresholds are clearly exceeded during and the
end of the CO2 injection period while injecting in nearby CASA-11 well. The near seals would be broken.
Remarks:
CO2 injection scenarios have been performed assuming that there would have no geochemical reactions of the
CO2 with the reservoir rock with possible dissolution/precipitation effects. It is likely that such phenomena would
occur in a carbonate reservoir such as Casablanca. However, from the very high productivity of most of the wells it
can be expected that injectivity of CO2 would not be a problem even if some reactions would occur.
An important characteristic of the reservoir model derived from the history matching process is that there is a
flow continuity from North to South and from East to West. There is no evidence of reservoir compartmentalization
of the reservoir in independent smaller reservoirs. However, if such a compartmentalization would exist it would
change the conclusions of this study.
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Figure 3: Gas saturation field after thirty years of CO2 injection in well CASA-11 (slice view on the left, top view on the right).
Figure 4: Oil saturation field before CO2 injection (on the top) and after CO2 injection (on the bottom). Slice views on the left – Top view on the
right.
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4. CO2 migration scenario
4.1. Description of the study
4.1.1. Regional context
RIPSA has done a model of the static seal above the Casablanca field using several 3D seismic data available in
the Tarragona Trough, mostly west and north of the reservoir area. The seismic data shows clearly the existence of
channels at the Messinian Unconformity level along which oil has migrated since some has been found when
drilling CASA-5 well. The migration path from the Casablanca reservoir to the Messinian Unconformity is supposed
to have occurred along fractures. The Messinian Unconformity cuts the Castellon sequence that is made of porous
and permeable sandstone. It is considered as a high probability that this sequence is linked to the sea floor by
fractures located several kilometers west of the Casablanca field (see interpretation on Figure 5).
The question is to know, in case of a migration through the fault connecting the Casablanca field and the
Messinian Unconformity (on the right on Figure 5), if the CO2 can propagate itself through the channel (on the
center on Figure 5) to reach the Castellon sequence (on the left on Figure 5) and in what proportions.
4.1.2. Reservoir model
To evaluate such a migration possibility, a numerical model of the Messinian Unconformity has been built using
all data provided by RIPSA, in particular seismic data. The geometry of this reservoir is illustrated on Figure 6. The
model is composed of 30 250 cells with the following discretization: 55 cells in the X direction, 110 cells in the Y
direction and 5 cells in the Z direction.
Cells are sometimes eroded by the different surfaces in the model: therefore, it remains 27 721 active cells. On
the right of Figure 6, is seen the fault, in red, connecting the Casablanca field and the Messinian Unconformity. A
grid refinement was added around this fracture for more accuracy. On the left appears the fault which is probably
connected to the sea.
The fluid flow model compositional model with four components: CO2, volatile, intermediate and heavy as for
the simulation of CO2 injection, except for petrophysical properties. As suggested by RIPSA, in order to model the
worst CO2 migration scenario, that is, the most favorable CO2 migration scenario, it was decided to constant
attribute to both the Messinian Unconformity related channels and the Castellon Sandstones, the Ebro Sandstones
petrophysical properties, -the best petrophysical properties of the migration physical system in the Tarragona
Trough-.
• a constant porosity: 30%;
• a constant horizontal permeability: 3 darcy;
• a constant permeability ratio: 0.3.
4.1.3. Choice of the CO2 leakage scenario
Three different scenarios were selected and simulated, each simulating the CO2 migration in a different location
along the fault. The analysis of the geometry and in particular of the top structure of the reservoir shows that the
worst scenario would be a migration in the area circled in green on Figure 6 . So the migration was modelled
considering the injection of CO2 through a well at a flow rate of 0.5 million tons per year over 30 years period of
time, which corresponds to the migration of 100% of the CO2 injected in the Casablanca field during that period. In
addition, a critical gas saturation equal to zero was assumed for the CO2 so that it can freely flow inside the Ebro
Sandstones.
The worst scenario has been considered so that if it demonstrates that the CO2 is not reaching the fault connecting
the Ebro Sandstones to the sea floor, it can be assumed that the risk of migration from the Casablanca reservoir to
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the Ebro Sandstones presents a very limited risk and that no further investigation is required with the various
parameters.
Figure 5: Regional view around CASABLANCA field.
Figure 6: Messinian unconformity geometry, with faults in purple.
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4.2. Results of the three CO2 migration scenarios
The long term behaviour of the CO2 is simulated during the 30 years of injection in the Casablanca reservoir and
then for 1000 years. The full amount of CO2 injected is supposed to migrate through the Messinian Unconformity
(worst case), without any CO2 trapped by solubility in the Casablanca field and no loss of CO2 in the fault
connecting the oil field and the Uncorformity.
4.2.1. CO2 leakage: first scenario
In this first scenario, CO2 is supposed to migrate from the Casablanca reservoir and flow in the Castellon
Sandstones from a cell located at the center of the green circle on Figure 6. The CO2 spreads rapidly in the structure
at the right of the injection cell on the figures and remains fully trapped in it. When analysing the results in detail, it
is clear that the gas reaches a steady state approximately after 350 years of simulation i.e. 320 years after the end of
the injection. This scenario shows that the CO2 never reaches the fault connecting the Ebro Sandstones with the see
floor.
4.2.2. CO2 leakage: second scenario
For the second scenario, the CO2 is injected in another zone of the Messinian Unconformity. In that case, the gas
is first limited in a first trap then spreads to the neighboring trap a few years after the beginning of the injection.
Once this cavity is full of gas (5 years after), the CO2 propagates inside the Castellon Sandstones and remains
trapped never reaching the fault to the sea floor.
4.2.3. CO2 leakage: third scenario
The objective of the last scenario was to have the CO2 injected in another point along the fault. It is observed that
the CO2 is rapidly going to the closest trap and then, follows the same path that in the previous scenario.
5. Conclusion
In the three scenarios, the reservoir pressure keeps approximately constant: there is a first low increase then a
stabilization. In fact, due to the high volume of potentially favorable migration lithologies of the geological system
and the limited amount of CO2 that is possibly migrating, the impact of the gas migration on the pressure in the Ebro
Sandstones is not significant.
The results of simulations have shown that, even assuming the worst scenarios, the CO2 is not reaching the fault
connecting the Ebro sandstones to the sea floor. In each case, the gas is trapped in top structures of the Castellon
Sandstones after some hundred years. In consequence, it is considered that it is not necessary to run some sensitivity
study one potential parameters with the simulation model.
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